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TRAINING  OF  TEACHERS 

OF  ELEMENTARY  AND  SECONDARY 

MATHEMATICS 


SUBCOMMITTEE  1.^  THE  TRAINING  OF  TEACHERS  OF 
MATHEMATICS  IN  PROFESSIONAL  SCHOOLS  OF  COL- 
LEGIATE GRADE,  SEPARATE  FROM  OR  CONNECTED 
WITH  COLLEGES  OR  UNIVERSITIES. 

Twenty  years  ago  no  professional  training  of  university  grade 
existed  in  this  country  to  prepare  teachers  of  mathematics  for  sec- 
ondary schools.  At  that  time  the  young  teacher's  sole  preparation 
for  his  ^York  was  the  taking  of  as  many  academic  courses  in  mathe- 
matics as  possible,  plus,  in  some  instances,  a  course  on  the  history 
of  education  or  some  lectures  on  general  pedagogy.  On  graduation 
he  had  had  no  observation  of  skillful  teaching  in  secondary  mathe- 
matics, no  practice  work,  no  survey  of  secondary  mathematics  from 
a  higher  and  pedagogic  standpoint,  and  no  knowledge  of  the  best 
literature  dealing  with  the  teaching  of  algel)ra  and  geometry  in  this 
country  or  abroad.  He  gained  all  his  experience  in  the  classroom, 
and,  if  progressive,  he  also  acquired  a  certain  pedagogic  equipment 
from  private  reading  and  from  teachers'  associations;  if  not,  his 
point  of  view  on  questions  of  teaching  remained  narrow,  as  is  always 
the  case  when  one  fails  to  come  into  contact  with  what  others  are 
doing  in  his  field  of  work.  A  very  large  number  of  candidates  for 
teaching  begin  their  work  to-day  with  this  modicum  of  preparation. 

About  15  years  ago  we  find  conditions  throughout  the  country  be- 
ginning to  change  in  this  respect.  At  least  five  diiferent  educational 
institutions  -  had  by  this  time  established  courses  on  the  teaching  of 
algebra  and  geometry,  which,  together  with  a  course  on  general 
pedagogy,   formed   a   certain   professional   training  for  high-school 

teaching  in  mathematics.    Up  to  1900  only  four  other  colleges^  axe 

_  •      .  _ 

'■  No  report  of  the  committee  as  a  whole  has  been  prepared,  the  ground  being  covered 
sufficiently  well  by  the  reports  of  the  subcommittees  that  are  presented  herewith. 

2  University  of  Michigan  (180:>),  Michigan  State  Normal  College  (189:5),  Teachers 
College,  Columbia  University  (1894),  Syracuse  University  (1895),  and  University  of 
Chicago   (1895).     The  dates  indicate  the  year  in  which  the  course  was  first  given. 

^I'nlversity  of  Pennsylvania  (1897).  University  of  Indiana  (1898 »,  Albany  Normal 
College   (1898),  and  University  of  Illinois   (1900). 
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known  to  this  coininittee  to  have  added  courses  on  the  pedagogy  of 
secoiuhuT  nialheniaties  to  their  j)r()grams, 

Tlu'  past  10  years  have  shown  far. greater  interest  in  pedagogical 
matters  and  a  much  more  rapid  growth  in  courses  of  this  kind.  At 
present  about  25  other  colleges,^  in  addition  to  those  above  mentioned, 
have  developed  such  courses  as  ''  The  history  and  pedagogy  of  second- 
ary mathematics."  ''  The  teaching  of  mathematics  in  secondary 
schools,""  and  "  Teachers'  course  in  algebra  and  geometry." 

For  the  other  high-school  studies,  such  as  Latin,  English,  German, 
physics,  and  chemistry,  there  has  been  a  corresponding  development 
of  professional  courses  on  the  teaching  of  these  subjects. 

This  general  interest  in  the  professional  preparation  of  teachers  for 
secondary  education,  which  is  thus  being  shown  in  many  of  our 
American  colleges  and  universities,  has  led  to  a  feeling  on  the  part  of 
a  number  of  these  institutions  that  teaching  must  be  recognized  as  a 
profession,  and  that  training  for  it  must  be  as  formal  and  definite  a? 
for  law,  medicine,  or  engineering.  This  has  resulted  in  the  establish- 
ment at  a  number  of  our  uniA'ersities  of  schools  of  education,  each 
with  a  formal  organization  and  a  separate  faculty,  these  being  con- 
sidered as  professional  schools  and  as  such  ranking,  in  general,  with 
the  schools  of  law,  medicine,  and  engineering.  In  these  schools 
attention  has  been  given  particularly  to  preparation  for  secondary 
teaching,  as  the  various  State  normal  schools  have,  in  general,  solved 
the  problem  of  preparing  teachers  for  the  elementary  schools. 

Of  the  various  schools  of  education  now  existing  in  the  United 
States  the  oldest  are  Teachers  College  of  Columbia  University  and 
the  School  of  Pedagogy  of  New  York  University.  Teachers  Col- 
lege was  founded  in  1888  as  a  privately  endowed  institution  under 
the  presidency  of  Nicholas  Murray  Butler,  and  was  then  known  as 
the  New  York  College  for  the  Training  of  Teachers.  It  was  a  school 
of  university  grade  and  enjoyed  reciprocal  relations  with  Columbia 
University.  In  1898  it  became  one  of  the  professional  schools  of 
Columbia  University,  ranking  with  the  schools  of  law,  medicine,  and 
engineering.  Teachers  College  was  the  first  professional  college  of 
education  of  university  grade  separate  from  a  university,  though 
now  a  part  of  Columbia  University-. 

The  School  of  I*edagogy  of  New  York  University,  established  in 
1890,  takes  rank  with  the  other  professional  schools  of  that  institu- 
tion, and  may  be  said  to  be  the  first  professional  school  of  university 
gi-ade  directly  connected  with  a  university. 

■1  Eleven  of  the  more  prominent  are:  New  York  University  (1902),  University  of 
Texas  (1903),  University  of  Missouri  (190:>),  University  of  Minnesota  (1905),  Uni- 
versity of  Cincinnati  (190G),  T'nivorsity  of  Nol)raska  (1007),  Cornell  University  (1907), 
University  of  Wisconsin  (1907).  University  of  Iowa  (1908),  Drake  University  (1908), 
and  Ohio  State  University    (1909). 
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In  1901  a  school  of  education  with  a  distinct  faculty  and  ranking 
as  a  professional  school  was  opened  at  the  University  of  Chicago, 
and  has  since  become  one  of  the  prominent  institutions  of  this  kind. 
Within  the  last  five  years  at  least  11  other  universities  ^  have  organ- 
ized similar  schools  or  colleges  where  the  professional  training  of 
teachers  is  carried  on.  In  all  but  two  cases  -  these  schools  rank  with 
the  other  professional  schools  of  the  university. 

In  addition  to  the  above-mentioned  institutions  connected  with 
universities  there  are  at  least  three  normal  colleges,^  separate  from 
any  universit}'  or  college,  where  ^^  ork  in  the  training  of  teachers  is 
of  collegiate  grade  and  leads  to  a  recognized  bachelor's  degree. 
These  three  institutions  olt'er  both  academic  and  professional  courses 
in  preparation  for  secondary  teaching. 

The  work  in  all  of  the  above  schools  or  colleges  of  education  diifers 
from  that  offered  by  a  university  chair  or  department  of  education 
in  that  professional  courses  of  study  are  offered  in  far  more  generous 
measure.  In  these  schools  one  finds  courses  in  general  and  educa- 
tional psychology,  the  history  and  philosophy  of  education,  school 
administration,  foreign  school  systems,  secondary  education,  etc.,  in 
addition  to  courses  on  the  teaching  of  each  of  the  secondary  sub- 
jects, often  accompanied  by  systematic  observation  and  practice 
teaching  of  the  subject  under  expert  supervision  in  some  high  school. 
The  academic  preparation  of  the  prospective  teacher  is  usually  car- 
ried on  for  two  years  in  the  regular  college  department  of  the  uni- 
versity before  the  pupil  enters  the  school  of  education,  and  is  con- 
tinued in  the  college  department  along  with  the  professional  courses 
in  the  school  of  education.  In  general,  academic  work  is  not  done 
in  the  school  of  education,  the  courses  there  offered  being  strictly 
of  a  professional  nature.  The  principal  exception  to  this  is  found 
in  those  professional  schools  w^hich  are  not  connected  with  a  uni- 
versity. In  all  of  these  schools  the  professional  courses  are  credited 
toward  the  bachelor's  degree,  and  in  a  few  of  these  institutions 
graduate  courses  leading  to  the  master's  and  doctor's  degrees  in 
education  are  also  offered. 

'  Tniversity  of  Cincinnati,  College  for  Teachers  (1905)  ;  University  of  Texas,  Depart- 
ment of  Education  (1906)  ;  Syracuse  University,  Teachers'  College  (1906)  ;  University 
of  Missouri,  School  of  Education  (1906)  :  University  of  Minnesota,  College  of  Education 
(1906)  ;  University  of  Indiana,  School  of  Education  (1907)  ;  Ohio  State  University, 
College  of  Education  (1907)  ;  University  of  Iowa,  School  of  Education  (1907)  ;  Drake 
University.  College  of  Education  (1907i;  T'niversity  of  Illinois,  School  of  Education 
(1908)  ;  University  of  Nebraska,  Teachers"  College   (1909). 

(The  dates  indicate  the  year  of  establishment  of  the  school  of  education.  By  a  com- 
parison of  the  above  with  the  footnotes  on  pages  5  and  6  it  will  be  seen  that  in  somp 
universities  courses  on  the  teaching  of  secondary  mathematics  existed  before  the  organi- 
zation of  a  formal  school  of  education,  while  in  others  such  courses  came  after  the 
establishment    of    the    professional    school.) 

2  Universities  of  Illinois  and  Iowa. 

2  State  Normal  College,  Ypsilanti,  Mich.  ;  State  Normal  College,  .\lbany,  N.  Y.,  and 
Normal  College  of  the  City  of  New  York. 
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It  is  the  purposi'  of  thi.->  report  to  deal  only  witii  the  traiiiiii"^  of 
teachers  of  uiatheinatics  as  carried  on  in  tlie  above-mentioned  schools 
or  colleg:e  of  education. 

THE  AIM  OF  SCHOOLS  AND  COLLEGES  OF  EDUCATION. 

So  far  as  mathematics  is  concerned,  it  is  the  aim  of  all  of  these 
colle«ies  of  education  to  prepare  teachers  and  supervisors  of  mathe- 
matics for  jiublic  and  private  hi^h  schools.  Some  of  these  institu- 
tions also  have  facilities  for  equij)j)in<j^  teachers  of  mathematics  for 
departmental  work  in  elementary  schools  and  instructors  in  methods 
in  mathematics  for  normal  schools.  At  a  few  schools  of  education 
opportunity  is  offered  to  principals  and  teachers  to  fit  themselves 
for  the  study  of  special  problems  in  the  teaching  of  mathematics, 
such  as  constructing  courses  of  study  for  elementary  and  high  schools, 
and  especially  courses  in  mathematics  which  fill  the  particular  needs 
of  manual  training,  commercial,  indnstrial,  trade,  and  other  special- 
ized forms  of  schools.  The  courses  found  in  several  of  these  pro- 
fessional schools  are  very  helpful  to  those  preparing  to  teach 
academic  courses  in  mathematics  in  colleges  and  universities,  while 
extensive  and  complete  preparation  is  possible  for  those  who  wish 
to  become  professors  of  the  -pedagogy  of  mathematics.  Facilities 
are  also  offered  to  prepare  for  research  and  teaching  in  the  history 
of  mathematics. 

THE  PRESENT  UNDERGRADUATE  PROFESSIONAL  PREPARATION  FOR 
TEACHING  IN  SECONDARY  SCHOOLS. 

In  each  of  the  17  schools  of  education  considered  in  this  report  the 
minimum  training  of  a  professional  nature  for  secondary  work  is  a 
definitely  organized  course  on  the  teaching  of  secondary  mathemat- 
ics. This  course  varies  in  length  from  17  to  90  hours  of  class  w^ork, 
the  average  for  all  of  the  institutions  being  48  hours.  The  method 
of  handling  the  course  is,  in  general,  by  lectures,  recitations  on 
assigned  readings,  discussions,  written  reports,  and  quizzes.  The 
subject-matter  of  this  course  varies  somewhat  in  each  institution, 
though  certain  topics  are  common  to  practically  all  of  the  courses. 
That  some  notion  may  be  formed  of  what  is  being  done  in  such  w^ork 
the  following  composite  syllabus,  prepared  from  the  syllabi  sent  in 
by  the  leading  institutions,  has  been  arranged,  and  may,  therefore, 
be  regarded  as  a  sort  of  maximum  course.  The  course  treats  of  such 
topics  as  the  reasons  for  teaching  algebra  and  geometry,  the  his- 
torical development  of  these  subjects  and  of  the  methods  of  pre- 
senting them,  the  world's  best  literature  concerning  the  teaching  of 
mathematics,  the  mathematical  curriculum  in  American  and  foreign 
secondary  schools,  the  adaptation  of  a  curriculum  to  the  needs  of 
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various  types  of  schools,  a  study  of  typical  American  and  foreign 
texts  for  secondary  schools,  and  the  various  movements  to  reform  the 
teaching  of  secondary  mathematics  at  home  and  abroad.  Some  at- 
tention is  often  given  to  the  methods  of  conducting  a  recitation  in 
mathematics  with  discussions  of  the  heuristic  method,  the  laboratorj 
method,  the  no-text  method,  etc.  The  course  also  contains  a'  review 
of  typical  parts  of  algeJbra-  and  geometry  offering  scientific  or  peda- 
gogic difficulties,  such  as  the  number  system  of  algebra,  equivalent 
equations,  factoring,  theory  of  exponents,  simultaneous  quadratic 
equations,  graphic  solutions,  the  foundations  of  geometry,  the 
sequence  of  propositions,  the  treatment  of  parallels,  loci,  limits,  in- 
commensurable cases,  methods  of  attacking  exercises  in  geometry, 
and  the  nature  of  the  problems  and  exercises  of  algebra  and  geom- 
etry. The  reading  of  current  periodical  literature  on  the  teaching 
of  mathematics  and  the  discussion  of  such  topics  as  teaching  algebra 
and  geometry  together,  the  fusion  of  plane  and  solid  geometry,  etc., 
are  often  included. 

Such  books  as  Smith's  Tlie  Teaching  of  Elementary  Mathematics 
and  The  Teaching  of  Geometry,  and  Young's  T4ie  Teaching  of  Math- 
ematics are  frequently  used  as  outlines  or  texts  for  such  a  course,. 
Fine's  College  Algebra  and  Number  System  of  Algebra,  Chrystal's 
Algebra,  and  the  histories  of  mathematics  by  Ball,  Fink,  Cajori,  GoWy 
and  Allman  are  frequently  reported  as  reference  books. 

The  prerequisites  in  mathematics  for  the  above  course  are  one  year 
of  college  mathematics  in  about  half  of  the  cases  and  through  the  cal- 
culus in  others.  Even  where  the  former  requirement  exists,  it 
usually  happens  that  most  of  the  students  have  had  the  calculus  and 
such  courses  as  the  theory  of  equations  and  projective  geometry  as 
a  minimum  preparation  before  entering  the  pedagogical  course. 
This  pedagogical  course  is  normally  taken  in  the  senior  year. 

In  connection  with  the  above  course  on  the  teaching  of  secondary 
mathematics  12  different  colleges  of  education  offer  systematic  work 
in  observation  and  practice  teaching  in  secondary  classes,  which 
receives  academic  credit.  This  work  is  carried  on  in  most  cases  in  a 
special  high  school  connected  with  or  under  the  direction  of  the 
school  of  education.  In  a  few  cases  arrangements  are  made  for  such, 
practical  work  in  public  city  high  schools.  The  amount  of  observa- 
tion and  practice  teaching  required  varies  from  30  to  GO  hours  of 
work. 

In  some  of  these  colleges  other  professional  courses  in  preparation 
for  the  teaching  of  mathematics  are  given  in  addition  to  the  teachers' 
course  above  mentioned.  A  distinct  and  separate  course  on  the  history 
of  mathematics  is  offered  in  seven  of  these  institutions,  while  in 
several  others  such  historical  work  is  a  definite  part  of  the  course  on 
the  teaching  of  mathematics.  This  historical  course  aims  particu- 
100855°— 11 2 
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liuly  to  show  tlu'  evolution  of  tlie  scienco  of  matheinatics  ;iii(l  to  trace 
the  cjiuso^  which  haso  led  to  its  cU'\ch)j)iii('iit  or  sta^ation  in  \:ii  ious 
epochs.  Work  in  surveying,  designed  especially  for  ])rospective 
teachers,  is  also  offered  at  several  schools.  At  Teachers  Colleg<i  of 
Columbia.  University  and  at  the  School  of  Education  of  Chicago 
Universit}'  several  additional  interesting  professional  <;(mrses  are 
found,  such  as  "  Encyclopedia  of  elementary  mathematics  for  teach- 
ers," "Applied  mathematics  for  teachers  in  secondary  schools,"  "  Psy- 
chology of  number,"  "Teaching  of  secondary  mathematics  in  Eu- 
rope," and  "  Critical  review  of  secondary  mathematics." 

In  a-  fcAv  schools  special  certificates  or  diplomas,  certifying  special 
prej^aration  and  fitness  for  teaching  secondary  mathematics,  are  given 
in  addition  to  the  regular  degree  to  students  who  fulfill  certain 
requirements.  In  some  instances  these  diplomas  are  granted  b}'  the 
State  board  of  education  to  students  avIio  have  had  at  the  school  of 
education  a  certain  preparation  for  the  teaching  of  mathematics. 
In  these  cases  the  diploma  is  a  State  license  to  teach  for  life  or  for  a 
given  number  of  years.  In  other  instances  the  diploma  is  conferred 
only  by  the  college  of  education  independent  of  any  board  of  educa- 
tion. The  requirements  for  these  diplomas  are  usually  as  follows: 
Courses  on  educational  psychology,  the  history  of  education,  and  the 
teaching  of  secondary  mathema.tics,  with  observation  and  practice 
teaching,  together  with  academic  work  in  college  mathematics  of  from 
15  to  24  points  (a  point  equaling  one  hour  of  work  for  one  semester). 

THE    PRESENT   UNDERGRADUATE   PROFESSIONAL  PREPARATION  FOR 
TEACHING  IN  ELEMENTARY  SCHOOLS. 

Only  a  few  ^  of  the  schools  of  education  offer  preparation  for  teach- 
ing mathematics  in  elementary  schools.  One  reason  for  this  is  that 
the  State  normal  schools  offer,  as  a  rule,  sufficient  preparation  for  this 
field  of  work.  A^^ien,  however,  one  wishes  to  prepare  for  supervi- 
sion or  departmental  work  in  mathematics  in  the  grades,  and  hopes 
to  obtain  the  better  positions,  it  is  necessary  to  have  further  scholar- 
ship in  mathematics  and  education,  and  a  college  degree,  a  type  of 
training  which  can  be  found  only  in  the  colleges  for  teachers  since 
flirey  begin,  in  general,  where  the  normal  schools  leave  off.  Students 
who  have  done  two  years  of  work  beyond  the  high  school,  in  a  normal 
school,  are  usually  able  to  complete  a  course  and  obtain  a  degree  in 
one  of  the  schools  of  education  by  two  additional  years  of  studj'. 
.  A'  part  of  the  preparation  for  work  in  the  elementary  schools  is  a 
course  on  the  teaching  of  arithmetic  corresponding  to  the  one  de- 
scribed above  on  the  teaching  of  algebra  and  geometry.     The  syllabus 

1  Teachers  CoHege  of  Columbia  University,  Scliool  of  Education  of  the  University  of 
Chicago,  College  for  Teachers  of  the  University  of  Cincinnati,  Albany  Normal  College,  and 
tTie  Michigan  State  Normal  College. 
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is  of  the  same  general  type  as  that  for  secondary  mathematics,  except 
that  arithmetic  and  such  parts  of  algebra  and  concrete  geometry  as 
are  taught  in  the  elementary  school  make  up  the  subject  matter  for 
discussion.  Students  taking  such  a  course  have  often  had  a  year's 
Avork  in  college  mathematics,  while  the  most  serious  students  have 
usually  had  more.  In  Teachers  College  at  Columbia  University 
students  also  take  a  thorough  course  on  higher  arithmetic,  in  which 
special  attention  is  given  to  modern  business  practices.  In  the  School 
of  Education  of  the  University  of  Chicago  a  course  on  the  psychology 
of  number  is  usually  taken.  In  addition,  students  generally  elect 
very  freely  related  courses  in  the  departments  of  psj^chology  and  ele- 
mentary education.  Opportunity  for  practice  teaching  and  observa- 
tion in  elementary  mathematics  is  offered  in  connection  with  this 
work.  It  should  be  added  that  students  who  are  stud3dng  seriously 
the  problems  of  teaching  mathematics  in  elementary  schools  usually 
take  also  the  full  preparation  for  teaching  in  secondary  schools,  in 
order  that  they  may  better  appreciate  the  nature  of  the  secondary 
school  work  to  which  the  elementary  school  courses  are  leading. 

GRADUATE    COURSES   IN   THE   TEACHING   AND    HISTORY  OF   MATHE- 
MATICS. 

Graduate  courses  in  the  teaching  and  history  of  mathematics, 
leading  to  the  master's  and  doctor's  degrees,  are  found  only  at 
Teachers  College  of  Columbia  Univei-sity  and  at  the  School  of 
Education  of  the  University  of  Chicago.  In  these  two  institutions 
research  courses  are  conducted  on  the  seminar  plan,  in  Avhich  the  stu- 
dents work  on  individual  topics  relating  to  the  history  and  pedagogy 
of  mathematics.  The  prerequisite  for  these  courses  is  a  bachelor's 
degree,  which  should  include  a  course  on  the  teaching  of  algebra  and 
geometry  in  addition  to  a  generous  amount  of  college  mathematics. 
Students  who  have  not  had  courses  on  the  histoiy  and  pedagogy  of 
secondary  mathematics  usually  take  these  courses  parallel  with  the 
graduate  work.  A  large  number  of  the  students  pursuing  these 
courses  are  those  who  have  alreacW  had  considerable  experience  in 
teaching.  The  Avork  is  adapted  to  the  needs  of  the  various  classes  of 
students.  It  is  taken  by  those  who  wash  further  preparation  for  sec- 
ondary teaching  as  well  as  by  those  who  aim  to  become  heads  of 
departments  of  mathematics  in  high  schools.  One  also  finds  a  num- 
l^er  Avho  are  fitting  themselves  to  teach  methods  in  mathematics  in 
normal  and  training  schools. 

There  are  also  a  few  students  who  are  preparing  to  teach  mathe- 
matics in  colleges  and  universities.  This  seems  to  be  a  good  omen, 
for  it  indicates  that  students  are  beginning  to  realize  that  there  are 
important  pedagogical  prolilems  to  be  solved,  especially  in  connec- 
tion Avith  the  teaching  of  the  first  year  of  college  mathematics,  Avhere, 
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in  ^(MH  r;il.  iiioro  ])<H)r  instruction  is  found  than  in  any  other  phu-e  in 
our  mhicational  system,  a  situation  wliich  is  easily  exphiined,  since  as  a 
rule  the  teachers  in  tlie  first  year  of  the  college  course  are  youn*^  men, 
fre^li  from  the  study  of  hii>:her  mathematics,  who  have  never  had 
exj)erience  in  teachin<2;  and  who  have  never  so  much  as  discussed  the 
most  elementary  toj^ic  in  rehition  to  such  work.  The  fact  that  the 
men  who  are  prejwring  in  the  schools  of  education  for  this  college 
work  usually  follow  at  the  same  time  the  courses  offered  on  the  teach- 
ing of  secondary  mathematics  shows  that  they  realize  that  the  prob- 
lems of  teaching  in  the  first  years  of  college  are  almost  identical  with 
those  in  the  last  two  years  of  the  high  school.  France  and  Germany 
long  ago  fully  apj)reciated  this  when  they  included  in  the  courses  of 
study  for  their  secondary  schools  the  mathematics  which  we  usually 
teach  in  the  first  tAvo  college  years.  The  further  fact  that  these  young 
men  also  pursue  as  many  advanced  courses  as  possible  in  pure  and 
applied  mathematics  indicates  that  they  feel  strongly  the  necessity 
of  combining  mathematical  scholarship  with  this  pedagogic  training. 
In  these  schools  of  education  there  is  no  dogmatic  instruction  in  ref- 
erence to  college  teaching;  such  work  would  be  fatal.  In  the  semi- 
nars these  students  usually  work  out  some  problem  connected  with 
freshman  or  sophomore  college  work  and,  at  the  same  time,  get  fully 
into  touch  with  all  of  the  movements  and  problems  in  secondary  teach- 
ing which  bear  so  directly  upon  their  field  of  work.  They  thus  obtain 
a  broad  basis  for  the  pedagogj'^  of  freshman  college  mathematics; 
they  get  perspective  if  nothing  else. 

In  these  graduate  courses  men  are  also  prepared  for  college  teach- 
ing and  research  in  the  history  of  mathematics.  The  facilities  for 
this  work  are  exceptional  at  Teachers  College  of  Columbia  Univer- 
sity, where  very  complete  libraries  ^  of  old  mathematical  books  and 
manuscripts  are  available  for  the  use  of  graduate  students.  In  the 
seminars  one  also  finds  a  number  of  principals  and  supervisors  who 
are  interested  in  the  new  types  of  industrial,  trade,  and  commercial 
schools,  which  are  so  rapidly  springing  up  in  this  country,  and  who 
are  working  on  special  studies  relative  to  the  courses  of  study  in 
"nathematics  adapted  to  the  needs  of  these  schools. 

PRESENT  TENDENCIES. 

A  number  of  the  schools  of  education  report  plans  for  enlarging 
the  work  for  the  professional  training  of  teachers  of  mathematics. 
In  several  of  these  colleges  where  short  courses  on  the  teaching  of 
secondary  mathematics  are  now  offered  it  is  proposed  to  make  within 
a  year  or  so  a  considerable  increase  in  the  length  of  the  course.  In  a 
few  institutions  where  no  practice  teaching  or  observation  is  now 

iThe  large  private  librarie-s  of  Prof.  David  Engeue  Smitlj  and  George  A.  Plimpton,  Esq. 
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given,  it  is  hoped  to  mature  arrangements  for  such  work  in  the  near 
future.  In  a  number  of  other  schools  serious  efforts  are  being  made 
to  increase  the  efficiency  of  this  work,  especially  on  the  side  of  prac- 
tice teaching.^  Several  professors  have  also  announced  their  inten- 
tion of  offering  courses  on  the  history  of  mathematics;  others  are 
planning  graduate  courses  in  the  teaching  of  mathematics.  At  sev- 
eral of  our  colleges  of  education  there  seems  to  be  a  strong  feeling 
that  secondary  teachers  should  have  a  synoptic  course  in  mathematics 
somewhat  along  the  lines  of  Klein's  "  Elementarmathematik  vom 
hoheren  Standpunlrte  aus."  There  is  no  question  as  to  the  advisability 
of  such  a  course ;  the  main  reason  why  such  work  has  not  been  more 
generally  given  in  America  is  probably  the  lack  of  a  suitable  text- 
book. As  a  number  of  American  professors  are  now  jointly  prepar- 
ing a  work  of  this  kind,  courses  of  this  nature  will  soon  be  found,  no 
doubt,  in  a  number  of  our  teachers'  colleges. 

CONCLUDING  REMARKS. 

The  ideal  preparation  for  teaching  in  secondaiy  schools  and  the 
first  two  years  of  college  should  be  something  more  complete  than 
that  now  generally  found.  On  the  side  of  scholarship  it  should 
approach  the  completeness  of  the  preparation  in  France  and  Ger- 
many, where  one  must  have  a  State  license,  obtained  only  by  passing 
a  most  rigid  State  examination,  before  he  can  hope  to  do  anything 
worth-  while  in  secondary  teaching.  On  the  other  hand,  it  would 
probably  be  detrimental  to  the  life  and  elasticity  of  our  system  if 
a  similar  license  should  be  demanded  in  this  country.  Yet  with  us, 
Avhere  the  public  is  now  beginning  to  recognize  that  teaching  is  a 
profession,  a  feeling  which  will  certainly  increase  as  the  years  go  by, 
the  time  will  undoubtedlj'^  come  when  secondary  teaching  will  be 
sufficiently  attractive  financially  to  enable  us  to  demand  from  the 
prospective  teacher  some  such  preparation  as  the  following:  On  the 
side  of  pure  mathematics  we  may  expect  the  calculus,  differential 
equations,  solid  analytic  geometry,  projective  geometry,  theory  of 
equations,  theorj^  of  functions,  theory  of  curves  and  surfaces,  theoiy 
of  numbers,  and  some  group  theory.  On  the  applied  side  we  should 
demand  a  strong  course  in  mechanics,  theoretical  and  practical  as- 
tronomy, descriptive  geometry,  and  some  mathematical  physics  with 
a  thorough  course  in  experimental  physics.  To  this  should  be  added 
special  courses  on  surveying  and  general  applications  of  mathematics 
that  the  student  may  see  to  what  all  of  the  above  work  is  leading. 
As  pedagogical  training  there  should  be  included  a  strong  course  on 

1  An  interestins  article  on  "  rractice  work  in  univorsity  departments  of  education," 
by  F.  E.  Farrin,i,^on,  has  recently  appeared  in  the  Bulletin  of  the  University  of  Texas, 
No.  i:!4,  Nov.  1,  1909.  It  may  also  be  found  in  the  I'ublications  of  the  National  Society 
of  College  Teachers  of  Education  for  1909. 
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tin-  teachin<r  <•'  sccoiHliuv  luatlu'inatics  with  <)l)s(M'vati(»ii  and  prac- 
tiii'  toaohin*;  under  expert  supervision,  a  course  on  the  history  of 
niatlieinatic's,  at  least  one  g^raduate  course  on  the  liistory  and  teachinj:^ 
of  mathematics,  and  a  course  of  an  encyclo|)edic  nature  dealing;  critic- 
ally with  the  field  of  elementary  mathematics  from  the  hifrher  stand- 
point. A  foundation  in  psychol()<ry  and  the  history  of  education  is 
also  necessary.  Such  a  preparation  may  at  first  seem  excessive,  but 
it  is  the  ideal,  and,  with  the  exception  of  about  half  of  the  peda^ojric 
trainin<x  outlined,  it  is  no  more  severe  than  the  requirements  in 
France  to-day  for  the  secondary  teachinj^  license  known  as  the 
"a^re<jation.""  ^Ve  can  demand  this  if  the  public  will  give  teaching 
the  recognition  it  deserves. 


SUBCOMMITTEE  2.  STATE  NORMAL  SCHOOLS. 

The  State  normal  schools  exist  for  the  jiurpose  of  training  teachers 
for  the  public  schools.  They  are  generally  supported  by  appropria- 
tions by  the  State  legislatures.  A  small  number  of  these  schools  are 
supported  by  a  specified  State  tax,  sui^plemented  by  appropriations 
by  the  State  legislatures,  and  in  a  few  cases  they  receive  some  income 
from  the  sale  or  rental  of  public-land  grants.  A  few  State  normal 
schools  have  small  permanent  endowments.  Tuition  is  free,  except 
for  slight  incidental  fees,  to  persons  declaring  an  intention  to  teach 
in  the  State  in  which  the  school  is  located.  "With  the  exception  of  a 
few  schools  in  the  South  the  State  normal  schools  are  coeducational. 

This  report  is  prepared  from  data  obtained  from  the  catalogues  of 
State  normal  schools,  and  from  the  answers  to  questionnaires.  A 
questionnaire  was  sent  to  each  of  185  State  normal  schools  and  to  8 
citv  training  schools.  Answers  were  received  from  65  State  normal 
schools  and  from  3  city  training  schools.  The  number  of  city  train- 
ing schools  from  which  data  were  received  being  small,  these  schools 
have  been  classed  with  the  State  normal  schools. 

THE  RELATION  OF  NORMAL  SCHOOLS  TO  OTHER  SCHOOLS. 

The  requirements  for  entrance  to  normal  schools  vary  in  different 
parts  of  the  country.  Of  64  schools  reporting  on  this  topic,  23  per 
cent, require  high-school  graduation.  The  majority  of  these  schools 
are  in  New  England  and  New  York,  and  offer  a  two-year  course  of 
study,  which  is  composed  largely  of  professional  work.  The  remain- 
ing schools  require  for  admission  only  the  completion  of  the  work 
of  the  eighth  grade.  Such  schools  usually  offer  two  courses  of  study, 
a  four-year  course  for  the  students  who  have  completed  only  the 
work  of  the  eighth  grade  and  a  two-year  course  for  high-school 
graduates.     A  few  schools,  chiefly  in  the  Middle  West,  offer  two 
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years  of  work  in  addition  to  the  above  courses,  for  the  completion  of 
which  a  bachelor's  degjree  is  granted. 

The  work  of  the  normal  schools  now  receives  better  recognition 
from  the  colleges  than  formerly.  Of  the  schools  reporting  to  this 
committee  56  per  cent  receive  full  credit  in  the  colleges  for  w^ork 
done  in  mathematics,  and  20  per  cent  receive  partial  credit.  Fre- 
quently the  colleges  allow  junior-class  standing  to  those  graduates  of 
the  normal  schools  who  have  done  tw^o  years  of  work  beyond  the 
liigh  school.  It  is  estimated  that  about  13  per  cent  of  the  graduates 
of  the  normal  schools  later  pursue  advanced  work  in  college.  The 
laroer  estimates  come  from  the  West,  where  the  normal  schools  are 
used  as  preparatory  schools  by  a  considerable  number  of  students 
from  the  rural  districts,  because  the  high  schools  are  not  so  well 
developed  as  those  in  the  East.  Since  a  considerable  number  of  their 
graduates  later  go  to  college,  the  normal  schools  of  this  section  have 
come  to  oli'er  considerable  elective  work.  It  thus  becomes  possible 
for  the  student  to  do  in  the  normal  schools  the  mathematics  usually 
done  in  the  first  two  years  in  college. 

Practically  all  normal-school  graduates  teach  at  some  time  in  the 
j)ublic  schools.  It  is  estimated  that  73  per  cent  of  the  graduates  teach 
five  years  or  more.  The  large  majority  of  them  teach  in  the  grades. 
Sixty-four  per  cent  of  the  schoo}s  report  that  some  of  their  gradu- 
ates teach  in  the  high  schools  in  the  smaller  cities  and  towns. 

THE  AIM  OF  THE  INSTRUCTION  IN  MATHEMATICS. 


ERRATUM. 

The  sentence  beginning  on  the  seventh  line  from  the  bottom  of  page  15  should 
read  as  follows:  Of  the  schools  reporting,  89  per  cent  give  courses  in  methods  of 
teaching  arithmetic  and  9  per  cent  give  courses  in  methods  of  teaching  algebra  and 
geometry. 


leacners  tnat  give  the  academic  courses  in  mathematics. 
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It  is  the  opinion  in  2Ii  per  cent  of  llic  schools  (li;i(  lliero  shouhl  be 
no  (liUVivnce,  except  in  courses  in  niethcMls,  in  the  instruction  in 
niiitheniatics  offered  to  students  prepiiriii«r  to  teach  and  to  other 
stuilents.  The  reniaininc:  schools  take  (lie  point  of  view  that  in 
courses  for  jirosj)ective  teachers  more  attention  should  be  paid  to  the 
aims  in  teachin«j:  mathematics,  to  methods  of  explanation  and  orderly 
presentation,  and  to  the  historical  development  and  economic  impor- 
tance of  the  subject. 

METHODS  OF  INSTRUCTION  AND  BRANCHES  OF  STUDY. 

The  courses  of  study  in  64  schools  were  obtained  either  from 
answers  to  questionnaires  or  from  the  catalogues  of  the  schools.  The 
folloM'ing  table  shows  the  different  courses  given,  the  number  of 
schools  offering  each  course,  and  the  average  number  of  hours  given 
to  each  course: 


Subject. 


Arithmetic 

Elementary  algebra 

Plane  geometry 

Advanced  algebra 

Solid  geometry 

Methods  of  teaching  . . . 

Mathematics 

Plane  trigonometry 

Spherical  trigonometry . 

Analytics 

Calculus 

Theory  of  equations  . . . 
Differential  equations  . . 

Surveying 

Analytical  mechanics  . . 
History  of  mathematics 


Number  of 
schools. 


All. 

All. 
All. 


9 

18 

32 

40 
4 

25 

23 
3 
1 

11 
1 
8 


Average 

number  of 

hours. 


100 
171 
143 
108 
72 

63 

77 
80 
96 
87 
52 
48 
57 
48 
70 


High-school  graduates  taking  a  two-year  course  in  a  normal  sch()ol 
are  required  to  review  arithmetic,  and,  in  some  schools,  algebra  and 
geometrj'.  Students  who  enter  the  normal  school  from  the  eighth 
grade  are  required  to  take  courses  in  arithmetic,  algebra,  and  geom- 
etry. If  more  advanced  courses  in  mathematics  are  offered  they  are 
as  a  rule  elective.  The  niniiber  of  students  electing  mathematics  is 
small  in  most  schools,  as  the  only  students  interested  in  the  higher 
courses  are  those  wdio  desire  to  secure  advanced  standing  in  college 
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or  to  teach  the  subject  in  a  high  schooL    No  elective  work  is  offered 
in  32  per  cent  of  the  schools  reporting  on  this  question. 

Recitations  by  the  students,  supplemented  by  an  occasional  lecture, 
is  the  practically^  universal  method  of  conducting  classes.  In  nearly 
all  cases  a  text  is  used  as  the  basis  of  a  course,  the  text  being  supple- 
mented at  the  pleasure  of  the  instructor. 

One  of  the  most  important  parts  of  the  professional  training  of  a 
student  in  a  normal  school  is  the  practice  teaching  under  supervision. 
In  the  schools  rejxjrting,  80  is  the  average  number  of  class  periods  of 
practice  teaching  in  mathematics  which  it  is  possible  for  a  student  to 
take  who  is  making  a  specialty  of  this  subject.  In  76  per  cent  of  the 
schools  all  students  are  required  to  do  some  practice  teaching  in 
mathematics,  and  the  average  number  of  class  periods  required  is  54. 
This  teaching  is  always  under  the  direct  supervision  of  a  critic 
teacher.  In  51  per  cent  of  the  schools  reporting,  the  head  of  the  de- 
partment of  mathematics  is  said  to  exercise  some  supervision  over 
the  practice  teaching,  but  in  some  of  these  schools  the  supervision 
is  very  slight.  Such  supervision  seems  to  the  committee  to  be  very 
desirable  in  order  to  unify  the  work  in  mathematics  throughout  the 
school,  to  make  the  work  of  the  training  school  more  efficient,  and  to 
keep  the  teachers  of  mathematics  in  the  normal  school  in  touch  with 
elementary  school  work. 

Correlation  was  also  made  a  subject  of  inquiry.  Of  the  schools 
reporting,  12  per  cent  say  that  no  attempt  is  made  to  correlate  the 
ditlerent  mathematical  subjects.  Thirty-eight  per  cent  are  attempt- 
ing to  make  some  systematic  correlation.  The  remainder  attempt 
some  correlation,  but  nothing  systematic.  Twelve  per  cent  of  the 
schools  reporting  on  the  question  think  it  advisable  to  eluninate  en- 
tirely the  traditional  boundaries  between  arithmetic,  algebra,  and 
geometrv ;  19  per  cent  think  these  boundaries  should  be  eliminated  to 
a  large  extent ;  7  per  cent  not  at  all.  Other  schools  suggest  methods 
by  which  related  topics  in  the  dilferent  subjects  may  be  correlated. 

Sixty-nine  per  cent  of  the  schools  report  some  attempts  at  cor- 
relating mathematics  with  other  subjects,  usually  with  the  sciences, 
but  close  correlation  is  made,  probably,  in  but  few  schools.  The 
replies  to  the  questionnaire  indicate  that  it  is  the  general  opinion 
that  in  arithmetic  the  larger  part  of  the  problems  in  the  lower  grades 
and  some  of  the  problems  in  the  upper  grades  should  be  taken  from 
the  other  subjects  that  the  pupils  are  pursuing  and  from  the  pupil's 
environment. 

IVfiich  more  is  now  being  done  than  ever  before  in  the  normal 
schools  in  the  vv^ay  of  using  algebra  and  geometry,  as  well  as  arith- 
metic, to  solve  problems  taken  from  the  other  school  subjects  and 
from  the  experience  of  the  pupils.    Some  of  these  problems  are  taken 
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from  texts,  which  now  furnish  more  problems  of  this  kind  tlian 
formerly,  some  are  obtained  from  published  lists  and  from  period- 
icals, niul  manv  more  are  made  by  the  teachers  themselves.  Some  of 
the  teachers  in  normal  schools  have  l)een  active  in  arousing  interest 
in  <renuine  applied  problems.  The  fjjreat  difficulty,  as  has  been  often 
expi-e>sed  in  the  replies  received  by  the  connnittee,  is  to  find  applied 
problems  that  are  of  real  interest  to  a  large  number  of  students. 

The  question  was  asked.  What  causes  operate  to  produce  failures 
in  mathematics  in  normal  schools  that  do  not  operate  in  other  sub- 
jects? About  one-fourth  of  the  answers  say  none.  Other  answers 
say  that  too  much  time  is  devoted  to  other  subjects;  that  we  have 
poor  methods  of  instruction  and  poor  elementary  training;  that  too 
much  is  attempted;  that  the  subject,  as  it  has  been  taught,  lacks 
interest. 

The  libraries  of  the  normal  schools  are  generally  well  supplied 
with  works  on  elementary  mathematics,  and  on  the  histor\^  and 
teaching  of  the  subject.  The  departments  are  also  supplied  wnth 
apparatus  necessary'  for  illustrative  w^ork  in  teaching  weights  and 
measures,  and  geometric  models  for  use  in  teaching  mensuration  and 
solid  geometr}'. 

EXAMINATIONS. 

Thirty-seven  per  cent  of  the  schools  reporting  say  that  examina- 
tions are  held  at  the  option  of  the  instructor.  In  such  cases  the 
examinations  are  given  at  intervals  of  from  2  to  6  weeks  at  the 
completion  of  important  topics.  The  rule  in  the  remaining  schools 
is  to  hold  examinations  at  the  end  of  each  term  or  semester.  In  one 
school  no  examinations  are  given.  The  examinations  are  written  in 
83  per  cent  of  the  schools;  in  the  remainder,  both  written  and  oral. 
In  41  per  cent  of  the  schools  the  examination  periods  are  from  40 
to  50  minutes;  in  46  per  cent  from  1  to  2  hours;  in  13  per  cent  from 
3  to  4  hours. 

The  principal  objects  of  the  examinations  are  to  test  the  knowledge 
of  the  students,  to  furnish  a  test  of  the  teaching,  to  give  unity  to  the 
subject,  and  to  secure  a  review.  In  5  per  cent  of  the  schools  the  grad- 
ing of  pupils  depends  entirely  upon  the  examinations,  and  in  2  per 
cent  not  at  all.  In  20  per  cent  the  examinations  count  for  one-half 
in  determining  grades :  in  44  per  cent  for  one-third  :  and  in  29  per  cent 
for  less  than  one-third.  In  44  per  cent  of  the  schools  there  is  a  tend- 
ency to  give  less  consideration  to  written  examinations  given  at  stated 
intervals,  and  in  45  per  cent  there  is  a  tendency  toward  abolishing 
them. 

In  three  States  the  governing  board  of  the  normal  schools  or  the 
State  department  of  education  conducts  annual  examinations,  which 
in  some  cases  determine  promotion  and  graduation. 
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MODERN  TENDENCIES  IN  THE  TEACHING  OF  MATHEMATICS. 

The  committee  asked  for  opinions  concerning  some  recent  move- 
ments to  improve  the  teaching  of  elementary  mathematics.  A^^iile 
it  is  probable  that  not  all  of  these  recommendations  are  carried  out 
in  the  schools  from  which  they  come,  they  are  valuable,  at  least,  as 
indicating  present  tendencies. 

One  question  asked  for  recommendations  for  improving  the  initial 
instruction  in  arithmetic,  algebra,  and  geometry;  and  a  number  of 
recommendations  Avere  received.  About  18  per  cent  of  the  schools 
recommend  that  the  study  of  arithmetic  be  begun  later.  There  should 
be  more  objective  work,  especially  in  the  lower  grades,  and  the  work 
should  be  less  mechanical.  There  should  be  drill  on  the  fundamental 
operations  until  the  pupils  have  a  much  higher  degree  of  speed  and 
accuracy  than  at  present. 

In  teaching  algebra,  the  recommendation  comes  from  almost  all 
schools  that  this  subject  be  more  closely  connected  with  arithmetic^ 
so  that  the  transition  from  arithmetic  to  algebra  may  be  simpler 
and  more  natural.  To  accomplish  this  it  is  suggested  that  the  literal 
notation  be  introduced  not  later  than  the  seventh  gi-ade  and  used 
freely  in  the  eighth  grade.  Furthermore,  to  make  algebra  more 
interesting  and  useful,  let  it  be  used  in  solving  real  problems. 

In  respect  to  geometry,  the  answers  show  a  general  tendency  to 
make  the  subject  less  fonnal  in  the  beginning.  By  the  use  of  simple 
illustrations  attempts  are  made  to  base  the  elementary  concepts  more 
completely  upon  the  experiences  of  the  pupils.  Numerical  and  other 
applied  problems  are  u'^ed  to  give  the  subject  more  meaning. 

Fifty-one  schools  sent  replies  to  the  question  "  What  traditional 
topics  should  be  omitted  from  the  course  of  study  in  arithmetic, 
algebra,  and  geometry  ?  "  In  the  case  of  arithmetic,  the  general 
recommendations  are  to  omit  all  obsolete  and  purely  technical  topics 
and  unduly  complicated  problems.  The  number  of  topics  which  one 
or  more  schools  recommend  for  omission  is  large.  Thirteen  schools 
recommend  the  omission  of  cube  root,  except  by  factoring;  IT),  the 
omission  of  true  discount ;  0,  highest  common  factor  by  the  Euclidean 
method ;  6,  partnership  and  compound  proportion ;  5,  partial  pay- 
ments and  progressions;  4.  compound  and  annual  interest,  much  of 
percentage,  and  complicated  problems  in  fractions;  3,  bank  discount 
and  longitude  and  time.  Other  topics  are  listed  for  omission  by  one 
or  more  schools.  Although  a  very  small  per  cent  of  the  schools 
v/ould  omit  all  of  the  topics  just  named,  the  list  possesses  some 
interest  in  that  it  shows  how  many  of  the  traditional  topics  are 
being  removed  from  the  course.  There  are  further  suggestions  that 
indicate  a  somewhat  general  tendency  to  abridge  the  above  topics 
when  they  are  not  omitted. 
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It  is  jLTt'iierally  rccoiuinoiitlcd  (hnl  (he  work  in  algebra  \>e  less 
formal;  (hat  we  omit  or  postpone  until  late  in  the  course  complicated 
multiplications  and  divisions  of  polynomials,  complicated  problems 
in  factoiMn«r.  fractions,  and  radicals,  and  hi<j^hest  connnon  factor  by 
division.  The  notion  of  function  and  of  variation  should  be  intro- 
duced early.  A  large  number  of  applied  problems  should  l>e  given 
throughout  the  course. 

A  number  of  schools  recommend  that  limits,  variables,  and  incom- 
mensurables  be  omitted  from  elementary  geometry.  Other  schools 
think  these  toj)ics  should  l>e  retained,  but  that  in  discussing  them  only 
illustrations  should  be  used,  and  that  no  proofs  should  be  attempted. 
In  some  schools  it  is  thought  that  with  students  of  the  grade  of 
maturity  of  those  in  normal  schools,  it  is  profitable  to  discuss  the 
formal  proofs  of  some  of  the  elementary  theorems  in  the  above  topics. 
There  is  general  agreement  that  the  proofs  of  some  of  the  more 
difficult  theorems  in  plane  geometry  may  be  omitted. 

Twenty-six  per  cent  of  the  schools  report  that  some  laboratory 
work  is  done  in  mensuration ;  15  per  cent  do  field  work  in  trigo- 
nometry- or  surveying;  83  per  cent  more  make  some  application  of 
the  mathematics  either  in  laboratory  work  or  in  applied  problems. 
The  results  from  laboratory  work  are  generally  thought  to  be  good, 
but  not  in  all  cases. 

About  14  per  cent  of  all  schools  reporting  to  this  committee  have 
made  some  experiments  in  teaching  mathematics.  These  were  in  the 
main  experiments  to  determine  better  methods  of  teaching  arithme- 
tic. One  of  these,  for  example,  was  an  experiment  to  determine  the 
efl&ciency  of  daily  drills  in  the  fundamental  operations  and  to  deter- 
mine the  effects  of  such  drills  upon  the  reasoning  power.  It  is 
encouraging  to  know  that  a  number  of  teachers  of  mathematics  in 
normal  schools  are  undertaking  to  obtain  in  a  scientific  wav  data 
concerning  improvements  in  teaching  mathematics. 

The  schools  were  asked  to  state  what  dangers  they  see,  if  any,  in 
recent  movements  to  make  secondary  mathematics  more  intuitive, 
useful,  and  attractive.  The  answers  shoAV  a  wide  range  of  opinion,  as 
might  be  expected.  Forty-four  per  cent  of  the  answers  say  that  no 
danger  is  seen.  Others  say  that  the  movements  in  question  have 
caused  inefficient  teaching;  that  drill  is  neglected;  that  the  discipli- 
nary value  of  the  subject  is  lost ;  and  that  there  results  superficial 
and  unrelated  knowledge. 
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SUBCOMMITTEE  3.     PRIVATE  NORMAL  SCHOOLS. 

The  great  majority  of  the  private  normal  schools  conduct  their 
own  preparator}'  departments,  and  hence  have  no  specific  entrance 
requirements.  They  generally  receive  students  of  all  grades  and  fit 
them  for  entrance  to  such  courses  as  they  offer.  Applicants  for 
advanced  standing  are  usually  allowed  credit  on  high-school  diplo- 
mas or  on  recommendation  from  former  instructors,  though  students 
coming  from  high  schools  are  very  often  found  deficient  in  the  most 
elementary  parts  of  mathematics.  It  is  recommended  that  in  the 
lower  schools  persistent  drills  be  given  in  the  fundamental  operations 
of  arithmetic,  so  that  students  may  perform  these  operations  not  only 
with  facility,  but  with  absolute  certainty  as  to  the  correctness  of 
their  results  and  may  be  able  to  prove  the  accuracy  of  their  answers. 

There  seems  to  be  no  uniformity  whatever  in  the  credits  given  by 
.  the  higher  institutions  of  learning  for  mathematics  covered  in  private 
normal  schools.  Each  one  of  these  schools  stands  on  its  own  merits 
and  has  its  own  reputation.  The  State  universities  usually  give  full 
credit  for  all  the  Avork  done  in  mathematics  in  the  private  normal 
schools  of  their  own  State.  The  comparison  of  the  widely  differing 
reports  would  seem  to  indicate  that  about  30  per  cent  of  the  graduates 
of  the  private  normal  schools  enter  universities  and  technical  schools 
for  the  purpose  of  doing  more  advanced  work,  while  about  50  per 
cent  of  the  graduates  teach  for  five  years  or  more,  usually  in  the 
public  schools. 

Contrary  to  the  usually  accepted  opinion,  it  is  probably  true  that 
it  is  not  the  chief  object  of  the  private  normal  schools  to  prepare 
students  for  teaching.  The  majority  of  students  later  go  into 
business,  and  a  considerable  number  into  technical  Avork.  Conse- 
quently the  utilitarian  side  of  the  study  of  mathematics  is  probably 
the  phase  that  is  chiefly  emphasized.  Special  courses  for  students 
bearing  upon  the  history  and  teaching  of  mathematics  are  rarely,  if 
ever,  offered. 

Classes  are  always  sustained  in  arithmetic,  the  time  required  of 
the  student  depending  on  his  proficienc}'  upon  entering  the  school. 
From  40  to  60  weeks  are  usually  given  to  algebra,  and  v^ery  satis- 
factory courses  are  generally  offered.  These  often  include  college 
algebra.  Usually  about  36  weeks  are  given  to  plane  geometry. 
Many  of  the  schools  which  offer  four-year  courses  require  about  six 
months'  work  in  analytic  geometry  and  perhaps  the  same  time  in  the 
study  of  the  calculus,  though,  not  infrequently,  the  course  offered 
in  the  latter  subject  extends  throughout  an  entire  year.  Very  little 
of  the  instruction  is  given  in  the  form  of  lectures  to  the  class,  reci- 
tations on  the  part  of  the  pupils  being  the  well-nigh  universal  rule. 
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The  recitation  periods  arc  \erv  generally  one  hoiii-  in  length,  five 
recitations  per  week.  The  school  year  contains  from  48  to  50  weeks, 
withont  intermission.  There  api)ears  to  be  a  growing  tendency  to 
^ive  freqnent  tests  or  examinations.  These  are  (isnally  written  and 
reqnircd  at  varions  intervals.  Some  schools  give  tests  as  often  as 
once  a  fortnight,  others  on.ce  a  month,  and  still  others  not  oftener 
than  once  in  0  or  10  weeks.  Final  grades  do  not  usually  depend 
wholly  upon  result  of  these  tests.  Perhaps  a  weight  of  about  oO  pel" 
cent  is  given  to  them  and  about  50  per  cent  to  the  record  made  in 
class. 
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There  are  about  twice  as  many  men  as  women  teaching  mathe- 
matics in  the  normal  schools  of  the  United  States.  In  the  eastern 
part  of  the  country,  however,  the  women  far  outnumber  the  men. 

The  training  of  the  teachers  varies  widely.  About  60  per  cent  of 
the  teachers  have  had  high-school  training,  55  per  cent  have  had 
normal-school  training,  80  per  cent  have  had  college  training,  and 
36  per  cent  have  done  graduate  W'Ork  at  the  iniiversities.  The  aver- 
age training  for  the  men  is  considerably  higher  than  that,  of  the 
Avomen.  There  is  a  marked  tendency  toward  a  requirement  of  gradu- 
ate work  as  a  prerequisite  for  teaching  mathematics  in  normal 
schools.  There  is  also  a  wide  variation  in  the  degrees  held  by  the 
teachers;  about  one-third  of  them  have  no  degree,  42  per  cent  have 
the  bachelor's  degree,  18  per  cent  the  master's  degree,  and  6  per  cent 
the  doctor's  degree.  The  men  who  hold  the  higher  degrees  far 
outnumber  the  women. 

The  term  of  service  in  the  present  teaching  position  averages  about 
seven  and  one-half  years  and  is  practically  the  same  for  men  as  for 
women.  Twenty-three  per  cent  of  all  the  teachers  have  served  in 
their  present  positions  for  10  or  more  years,  and  50  per  cent  have 
served  5  years  or  more. 

The  teachers  in  the  normal  schools  have  not  contributed  many 
books  or  articles  to  the  literature  of  their  field.  This  may  be  due,  in 
part,  to  the  fact  that  most  of  the.  teachers  meet  a  large  number  of 
classes  each  week  and  consequently  have  neither  the  time  nor  the 
energy'  necessary  for  authorship.  There  is  a  tendency  to  lighten 
the  work  of  the  teacher  in  the  normal  schools,  and  this  may  result  in 
a  more  productive  scholarship  from  this  source.  Practically  all  of 
the  contributions  made  up  to  the  present  time  have  been  by  the  men. 

None  of  the  schools  make  a  practice  of  employing  their  under- 
graduates as  instructors,  and  only  a  few  of  the  schools  so  employ 
their  gi-aduates  without  further  training. 
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Most  of  the  teachers  of  mathematics  would  prescribe  work  through 
the  calculus  as  the  minimum  academic  preparation  for  teachers  of 
mathematics  in  normal  schools.  About  15  per  cent  of  the  teachers 
w'ould  include  more  advanced  courses  as  the  minimum  preparation. 

A  large  per  cent  of  the  teachers  express  the  opinion  that  in  addi- 
tion to  the  academic  training  the  prospective  teacher  of  mathe- 
matics should  also  be  required  to  take  a  professional  course,  includ- 
ing psycholog\%  history  of  education,  school  management,  and  spe- 
cial methods  in  the  courses  that  he  is  to  teach. 

About  30  per  cent  of  the  teachers  express  the  belief  that  an  ex- 
perience of  from  one  to  five  years  in  elementary  and  secondary 
schools  should  be  a  prerequisite  for  normal-school  teaching. 

Most  of  the  normal  schools  of  the  United  States  Avere  established 
primarily  to  prepare  teachers  for  the  work  of  the  elementary  schools, 
and  the  various  subjects  of  the  curriculum  were  determined  largely 
by  this  ideal.  Graduate  work  was  not  a'  prerequisite  for  the  normal- 
school  teacher,  for  his  margin  of  knowledge  Avas  usually  sufficient  if 
he  had  completed  the  undergraduate  work  at  a  reputable  college.  In 
recent  years,  however,  the  normal  schools  are  sending  an  increasingly 
large  number  of  their  graduates  into  positions  in  the  secondary 
schools.  Some  schools  in  the  Central  West  send  almost  half  of  their 
graduates  into  such  positions. 

This  extension  of  the  functions  of  the  normal  school  has  necessi- 
tated an  extension  of  the  curriculum  into  the  more  advanced  subjects. 
A  few  years  ago  no  mathematics  was  offered  in  the  normal  schools 
beyond  solid  geometry  and  trigonometry.  To-day  analytics  and 
calculus  are  offered  in  several  of  the  best  schools,  and  there  is  a 
marked  tendency  to  offer  these  adAanced  subjects  in  most  of  the 
schools.  These  subjects  are  now  offered  in  order  that  the  prospective 
teacher  of  mathematics  may  have  a  broader  view  of  the  subject  and  a 
proper  perspective  for  teaching  mathematics  in  the  secondary  schools. 

The  extension  of  the  curriculum  into  the  more  advanced  subjects 
means  that  the  teachers  of  mathematics  in  the  normal  schools  must 
be  selected  from  those  who  have  done  graduate  work  in  mathematics. 
Forty-five  per  cent  of  the  men  and  18  per  cent  of  the  women  now 
teaching  mathematics  in  the  normal  schools  have  completed  at  least 
one  year  of  graduate  work  in  the  subject,  and  there  is  a  marked 
tendency  in  this  country  to  require  at  least  a  year  of  graduate  work 
from  all  prospective  teachers.  A  year  of  graduate  work  will  be 
required,  not  because  of  the  degree  that  may  thereby  be  secured,  but 
because  of  the  amount  of  work  that  it  represents,  and  because  of  the 
better  basis  that  it  gives  for  a  rational  presentation  of  the  subject 
to  those  who  are  to  become  teachers. 
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